Abstract. Fiber impregnation has been the main obstacle for thermoplastic matrix with high viscosity. This problem could be surmounted by adapting low viscous polymeric precursors Woven basalt fabric reinforced poly (butylenes terephthalate) composites were produced via in-situ polymerization at T=210°C. Before polymerization, catalyst was introduced to the reinforcement surface with different concentration. DSC is used to determine the polymerization and crystallization. SEM is used to detect whether the catalyst existed on surface. Both flexural and short-beam shear test are employed to study the corresponding mechanical properties.
Introduction
Generally, thermoplastic polymers have a high melt viscosity in the order of 100 to 1000 Pa·s because of their long molecular chains. The high melt viscosity induces the difficulties in dispersion of fillers, removal of voids, and mold processing for complex shapes. It also hinders impregnation of fibers when thermoplastics are used as matrix of fiber reinforced plastic composites (FRPCs). In contrast, the melt viscosity of low molecular weight CBT resin can reach extremely low value (0.017 Pa·s at 190°C) [1, 2] , which means a water-like state. Therefore, the problems caused by difficulty in flow of traditional thermoplastics can be readily overcome by CBT resin.
The resin transfer molding technique, which commonly works on thermosettings, was introduced by Parton et al [3] to produce unidirectional CBT-based glass fiber-reinforced polymer composites (GFRPCs). Mohd Ishak et al [4] prepared woven CBT-based fiber reinforced plastic composites using compression molding. However, the time window for impregnation was quite limited due to the rapid polymerization reaction of CBT resin. And the mechanical strength of the GFRPCs evidenced deterioration, which is presumably ascribed to the brittle pCBT matrix with relatively high degree of crystallinity [5] . In this paper, catalyst was introduced to the surface of fabrics, and in-situ polymerization would then take place to guarantee better impregnation quality.
Experiment
Materials. The CBT ® (CBT100) used in this study is commercially available from the Cyclics Corporation. Before processing, the oligomers were dried over night at 110 °C to remove residual moisture, which could interfere with the polymerization reaction. The tin-based polymerization catalyst (Fascat ® 4101, butylchlorodihydroxystannan) is supplied by the Arkema Co., which is a well-established transesterification catalyst. The reinforcement was a woven basalt fabric produced by Huaheng High Performance Fiber Textile Co. Ltd, with areal density of 272g/m 2 . Composites processing. In this study, the catalyst was introduced to the fiber surface, which was first dissolved in an organic solvent with different concentration. The organic solvent is set to be 100ml, and 9 different catalyst concentration added are chosen, 0.020-0.500 g/100ml. Woven basalt fabric (WBF) was infiltrated in this solvent, before being dried in the oven at 105 °C. WBF reinforced pCBT samples were prepared by in-situ polymerization of CBT compacted by a compression molding press, equipped with temperature and pressure-controlled plates. Laminates containing 10 plies of WBF were molded at T = 210°C by using a stainless steel plate of 150×150mm 2 . CBT powder was dispersed evenly between the WBF layers loaded with catalyst at surface (Fig.1) . To avoid any risk of moisture the prepared fiber package was kept in an oven at 105 °C for 1h prior to be transferred in the mold.
The process involved pressure control where by the specimens was molded by closing the two heating-plates under a prescribed condition. Finally, the mold was cooled to room temperature outside the hot-press and opened. Flat plates (150×150×3mm 3 ), added different concentration catalyst, were produced successfully using the method described above.
Results and discussion DSC. Differential scanning calorimetry was performed on DSC (Perkin Elmer DSC-7). Experiments were run with samples ranging from 8-10mg under nitrogen to prevent moisture and oxidative degradation. The samples were subjected to the heating and cooling rates of 10°C/min. at 10 °C/min. A melting peak observed at 218°C is due to the melting of pCBT. This is in agreement with earlier observations reported by other researchers [3] . The DSC thermogram showed a prominent exothermic peak at 188 °C which corresponds to the crystallization of PBT formed during the ring-opening polymerization. In [6] the polymerization of a CBT was investigated as a function of the end temperature (T=200 and 260 °C) and holding time. Our result is just coincidence with the one T=260°C, and the method introducing catalyst on the surface is confirmed to be practicable. Fig.3 shows the catalyst left on the fiber surface at different concentration. When the concentration is below 0.1g/100ml, it is hard to find the catalyst. Therefore, only 0.1g/100ml, 0.2g/100ml and 0.5g/100ml were presented in Fig. 3 . It is worth noting that the catalyst amount shows less relationship with the catalyst concentration, which is more clearly in the situation of 0.1g/100ml than that of 0.2g/100ml. When the concentration is high enough, the catalyst amount increased in the situation of 0.5g/100ml. This phenomenon may just explain below. The production how to load the catalyst on the fiber surface is needed to be further modified. Mechanical properties. Flexural and short-beam shear test were employed. Laminates of dimensions 80mm×10mm×3mm were cut by a fit tool. The ratio of span-to-specimen thickness in short-beam shear test is 5 and the geometry of specimens is 30mm×6mm×3mm. Both tests mentioned above were conducted on the universal testing machine with a constant cross-head of 2mm/min. According to Fig.4a , the flexural strength is enhanced with the catalyst concentration when the catalyst concentration is below 0.1g/100ml. When the concentration continued to increase, the flexural strength sustained over a certain range (around 320MPa). It could be concluded that 0.1g/100ml is sufficient to ensure the fully polymerization process. The shear strength is different from the flexural strength. The shear strength is more sensitive to the matrix properties. As shown in Fig.3 , the 0.10g/100ml sample got more catalyst at fiber surface than 0.20g/100ml, at the same time, the polymerization is determined the catalyst amount in some way. As a consequence, the pCBT wt% of 0.10g/100ml is larger than that of 0.20g/100ml. We concerned the pCBT wt% in further, we found that at the range of 0.05g/100ml-0.10g/100ml, the pCBT wt% are all exceeded 40%, which connect the pCBT wt% and shear strength. The pCBT wt%, the gum content of composites, is added to better understand the trend of shear strength under different catalyst concentration. From Fig. 4b , the relationship between shear strength and catalyst concentration is similar with that of pCBT wt%.In our future research, to evaluate the relationship between catalyst concentration and mechanical properties, we should try to fix the pCBT wt%. In addition, it is necessary to find out how the pCBT wt%. affect the mechanical properties.
Conclusions
WBF/pCBT composites have been successfully manufactured with the method of introducing catalyst on the surface. The melting and crystallization temperature is identical with other researches. The SEM demonstrated that the catalyst concentration is associated with the resulted catalyst amount on the fiber surface, which has a profound influence on the mechanical properties. The flexural strength is firstly increased with the catalyst content ration, and sustained at a steady state. While for shear strength, both catalyst concentration and pCBT wt% are responsible.
